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Description 

[0001] This invention relates to a cable with recyclable covering. 

[0002] In particular, the invention relates to a cable for transporting or distributing medium or high voltage electricity, 
s comprising a layer of recyclable thermoplastic polymer covering with superior mechanical and electrical properties, 

enabling it, in particular to be used for high operating temperatures and for transporting electricity at high power. 

[0003] The requirement for products of considerable environmental compatibility, composed of materials which, In 

addition to not damaging the environment during production or utilization, can be easily recycled at the end of their 

life, is now fully accepted in the field of electrical and telecommunications cables. 
10 [0004] However the use of materials compatible with the environment is conditioned by the need to limit costs while, 

for the more common uses, providing a performance equal to or better than that of conventional materials. 

[0005] In the case of cables for transporting medium and high voltage electricity, the various coverings surrounding 

the conductor commonly consist of polyolefin-based crosslinked polymer, in particular cross linked polyethylene (XLPE), 

or elastomeric ethylene/propylene (EPR) or ethylene/propylene/diene (EPDM) copolymers, also crosslinked. The 
15 crosslinking, effected during extrusion, gives the material satisfactory performance even under hot conditions during 

continuous use and with current overload. 

[0006] it is well known however that crosslinked materials cannot be recycled, so that manufacturing scrap and the 
covering material of cables which have reached the end of their life can be disposed of only by incineration. 
[0007] Moreover in some cases the external protection sheath of the cable is of polyvinylchloride (PVC), which if 

20 using conventional methods (for example by density difference in water) is difficult to separate from the crosslinked 
insulating material, in particular from crosslinked polyolefins containing mineral fillers (for example from ethylene/pro- 
pylene rubber), neither can it be incinerated because combustion produces highly toxic chlorinated products. 
[0008] There is therefore a need in the field of medium and high voltage electricity transport cables for insulating 
coverings consisting of recyclable polymers which have good electrical and mechanical properties. 

25 [0009] Of uncrosslinked polymers, it is known to use high density polyethylene (HDPE) for covering high voltage 
cables. HDPE has however the drawback of a lower temperature than XLPE, both to current overload and during 
operation. 

[0010] Thermoplastic low density polyethylene (LDPE) insulating coverings are also used in medium and high voltage 
cables. Again in this case, these coverings are limited by too low operating temperature (about 70°C). 

30 [0011] Another material potentially suitable for cable production is polypropylene (PP). In common use this term is 
used to indicate high crystalline isotactic PP, a thermoplastic material of high mechanical performance. In reality, iso- 
tactic PP cannot be used as a cable covering material, mainly because of its high rigidity, so that the attention of cable 
manufacturers has turned to other materials based on PP but possessing good flexibility (the so-called "flexible PPs"). 
[0012] For example, patent application WO 96/23311 describes a low voltage, high current cable in which the insu- 

35 lating covering, the inner sheath and the outer sheath are of the same uncrosslinked polymer, coloured black by the 
addition of carbon black. The use of the same material means that no separation of said components is required for 
recycling. For a maximum working temperature of 90°C it is stated that heterophase thermoplastic elastomers can be 
used consisting of a polypropylene matrix within which an elastomeric phase of EPR or EPDM copolymers is dispersed. 
[0013] Patent applications EP-A-475,306 and EP-A-475,307 describe a substantially amorphous elastomeric poly- 

40 propylene homopolymer having a melting point between 145°Cand 165°C and a heat of fusion between 4 and 10cal/ 
g and comprising a diethyl ether soluble fraction. between 35 and 55%, this fraction having a relative viscosity of less 
than 1 .0 dl/g and substantially no isotactic crystallinity. This polymer is produced by homopolymerization of propylene 
in the presence of a Ziegler-Natta catalytic system without electrondonors, comprising a solid catalyst based on titanium 
tetrahalide and aluminium trihalide supported on magnesium chloride, with aluminium trialkyl as co-catalyst. A potential 

45 use of the amorphous polymer so obtained is suggested for producing films 

[0014] Patent application EP^A-527,589 describes a polymer composition comprising: a) 20-80 wt% of an amorphous 
polyolefin comprising propylene and/or 1-butene in a quantity of at least 50 wt%, and b) 20-80 wt% of crystalline 
polypropylene. The composition is prepared by mechanically mixing amorphous polyolefin with the crystalline polypro- 
pylene. This composition is said to have excellent flexibility under cold conditions while maintaining the high hot me- 

50 chanical strength typical of polypropylene, and hence suitable as an insulating material for cables. 

[0015] The Applicant believes that the solutions already proposed for insulating medium or high voltage electric 
cables with a recyclable polymer are unsatisfactory. In particular, those polypropylene-based materials indicated in the 
prior art are unable to combine a mechanical performance which is satisfactory under both cold and hot conditions (in 
particular good mechanical strength and sufficient flexibility) with considerable electrical reliability. 

55 [0016] In particular, heterophase materials such as the heterophase thermoplastic elastomers suggested in WO 
96/23311 in which an elastomeric EPR or EPDM phase is dispersed in domains of the order of a few microns within a 
polypropylene matrix, are characterised by microscopic dishomogeneity, which can induce the formation of cavities at 
the interface between the elastomeric phase and the thermoplastic phase. With the passage of time and in the presence 
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of an electrical field, these cavities can result In degradation of the materia! and hence perforation of the insulating layer. 
[0017] The Applicant also believes that the amorphous polyp ropylenes, such as those described in EP-A-475,306 
and EP-A-475,307, cannot satisfactorily be used for electric cable insulation. In this respect, as these materials have 
a high amorphous phase content for a tow molecular weight, as indicated by the presence of a diethyl ether soluble 

5 fraction between 35 and 55 wt%, they show poor mechanical strength, in particular under hot conditions. 

[0018] Again, the present applicant has found that granules produced by mechanically mixing amorphous polypro- 
pylene with Isotactic polypropylene, as described for example In EP-A-527,589, show an oily surface and considerable 
stickiness on storage, clearly indicating partial insolubility between the two polymers with migration of the low molecular 
weight fractions towards the material surface. This problem results in numerous material processability problems, as 

10 the granules tend to pack together making it difficult, for example to feed the granules into an extruder. Moreover, in 
the finished article the presence of an oily low molecular weight product on the surface of the insulating layer can cause 
poor adhesion between the insulation and the semiconductive layers, with possible separation during cable operation 
and consequent partial discharges. 

[0019] The Applicant has now found it possible to obtain excellent performance in terms of both mechanical and 
is electrical properties by using as the recyclable polymer base material a single-phase thermoplastic propylene homopol- 
ymer or copolymer as hereinafter defined. This polymer material possesses good flexibility even under cold conditions, 
excellent mechanical strength and high electrical performance, such as to make it particularly suitable for forming at 
least one covering layer, and in particular an electrical insulating layer, of a medium or high voltage cable. 
[0020] In particular, the polymer material of the invention has a microscopically homogeneous structure and does 
20 not show undesirable migration of low molecular weight fractions onto the material surface. 

[0021] According to a first aspect, the invention therefore provides a cable (1 ) comprising at least one conductor (2) 
and at least one covering layer (3, 4, 5, 7) based on a thermoplastic polymer material, wherein said material comprises 
a propylene homopolymer or a copolymer of propylene with an olefin comonomer chosen from ethylene and oc-olefins 
other than propylene, said homopolymer or copolymer having: 

25 

a melting point between 140 and 165°C; 
a melting enthalpy between 30 and 80 J/g; 

a boiling diethyl ether soluble fraction of less than or equal to 1 2 wt%, preferably between 1 and 10 wt%, having 
a melting enthalpy of less than or equal to 4 J/g, and preferably less than or equal to 2 J/g; 
30 a boiling n-heptane soluble fraction of between 15 and 60 wt%, preferably between 20 and 50 wt%, having a 

melting enthalpy of between 10 and 40 J/g, and preferably between 15 and 30 J/g; and 

a boiling n-heptane insoluble fraction of between 40 and 85 wt%, preferably between 50 and 80 wt%, having a 
melting enthalpy greater than or equal to 45 J/g, and preferably between 50 and 95 J/g. 

35 [0022] According to a preferred aspect, the propylene homopolymer or copolymer has a melt flow Index (MFI), meas- 
ured at 230°C with a load of 21 .6 N in accordance with ASTM D1 238/L, of between 0.01 and 50 dg/min, and preferably 
between 0.5 and 10 dg/min. 

[0023] Preferably, the olefin comonomer is present in a quantity less than or equal to 1 5 mol%, and more preferably 
less than or equal to 1 0 mol%. The olefin comonomer is preferably ethylene or an a-olefin of formula CH^CH-R, where 
40 R is a linear or branched C 2 -C^ 0 alkyl chosen for example from 1 -butene, 1-peritene, 4-methyl-1 -pentene, 1-hexene, 
1-octene, 1-decene, 1-dodecerie and the like, or their combinations. Propylene/echylene copolymers are particularly 
preferred. 

[0024] According to a preferred aspect, the polymer base material of the invention has aflexural modulus, measured 

In accordance with ASTM D638, of between 15 and 900 MPa. 
45 [0025] According to a further aspect, the invention relates to the use of a polymer material as heretofore described, 

as the base material for preparing a covering layer (4) with electrical insulation properties, or for preparing a covering 

layer (3, 5) with semiconductive properties, or for preparing a covering layer (7) acting as an outer protective sheath. 

[0026] The propylene homopolymer or copolymer used in the invention shows a single-phase microscopic structure, 

ie substantially without heterogeneous phases dispersed within molecular domains of size greater than one micron. 
so in this respect, the material does not show the optical phenomena typical of heterophase polymer materials, and In 

particular is characterised by better transparency and reduced local stress whitening. 

[0027] The polymer material suitable for forming the cable of the invention can be prepared by homopolymerization 
of propylene or copolymerization of propylene with ethylene or an a-olefin other than propylene, in the presence of a 
Ziegler-Natta catalyst of -low stereospecif icity. In particular, the catalyst advantageously comprises: 

55 

a) a solid catalyst consisting of titanium tetrahalide (for example titanium tetrachloride), supported on MgCI 2 , op- 
tionally mixed with aluminium trihalide (for example aluminium trichloride); 

b) a co-catalyst consisting of aluminium trialkyl, where the alkyl groups are Cj-Cg (for example aluminium triethyl 
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or aluminium triisobutyl); 

c) a Lewis base in a quantity generally not greater than 10 mol% on the moles of aluminium trialkyl. 

[0028] The addition of the Lewis base in a predetermined quantity enables the stereoregularity of the obtained pol- 
ymer to be controlled. The Lewis base is generally chosen from aromatic acid esters and alkoxysilanes, for example 
ethylbenzoate, methyl-p-toluate, diisobutylphthalate, diphenyldimethoxysilane, or mixtures thereof. 
[0029] The co-catalyst is added in strong excess over the solid catalyst. The molar ratio of titanium halideto aluminium 
trialkyl is generally between 50:1 and 600:1. 

[0030] Further details regarding the production of the propylene homopolymers or copolymers of the invention are 
given for example by Albizzati et al. in "Polypropylene Handbook", Chapter 2, page 11 onwards (Hanser Publisher, 
1996). 

[0031] Homopolymers and copolymers of the aforesaid type suitable for implementing the invention are available 

commercially for example under the trademark Rexflex® of the Huntsman Polymer Corporation. 

[0032] In forming a cable covering layer, other conventional components can be added to the polymer base material 

as heretofore defined, such as antioxidants, processing aids, water tree retardants, and the like. 

[0033] Conventional antioxidants suitable for the purpose are for example distearylthio-propionate and pentaeri- 

thryltetrakis [3-(3 l 5-dl-tertbutyl-4-hydroxyphenyl)propionate] and the like, or mixtures thereof. 

[0034] Processing aids which can be added to the polymer base include, for example, calcium stearate, zinc stearate, 

stearic acid, paraffin wax and the like, or their mixtures. 

[0035] With particular reference to medium and high voltage cables, the polymer materials as heretofore defined 
can be advantageously used to form an insulating layer. In this respect, as stated, these polymer materials present 
good mechanical characteristics both at ambient temperature and under hot conditions, and also present improved 
electrical properties, in particular they enable high operating temperature to be employed, even exceeding that of 
cables with coverings consisting of crosslinked polymer base materials. 

[0036] The semiconductive layers of the cable of the invention can be formed by known methods, and advantageously 
consist of a polypropylene-based thermoplastic polymer material which ensures good adhesion to the insulating layer 
such as to prevent any separation which could result in premature ageing of the cable life. 

[0037] According to a preferred aspect, at least one of the semiconductive layers of the cable of the invention com- 
prises a propylene homopolymer or copolymer as heretofore described. 

[0038] If a semiconductive layer is to be provided, a conductive filler, in particular carbon black, is generally dispersed 
within the polymer material in a quantity such as to provide the material with semiconductive characteristics (ie such 
as to obtain a resistivity of less than 5 Ohm.m at ambient temperature). This quantity is generally between 5 and 80 
wt%, and preferably between 1 0 and 50 wt%, of the total weight of the mixture. 

[0039] The ability to use the same type of polymer material for both the insulating layer and the semiconductive 
layers is particularly advantageous in producing cables for medium or high voltage, in that it ensures excellent adhesion 
between adjacent layers and hence better electrical behaviour, particularly at the interface between the insulating layer 
and the inner semiconductive layer, where the electrical field and hence the risk of partial discharges are higher. 
[0040] According to a further preferred aspect, the invention provides a cable comprising not only the aforestated 
layers but also at least one layer acting as an outer protective sheath and consisting of a thermoplastic polymer material, 
for example a propylene homopolymer or copolymer, which can be for example the aforedefined polymer material of 
the invention. 

[0041] According to the invention, the use of the aforedefined propylene polymers or copolymers in the covering of 
medium or high voltage cables means that flexible recyclable coverings are obtained with excellent electrical and 
mechanical properties. 

[0042] In particular, an insulating layer formed using an aforedefined propylene homopolymer or copolymer can 
operate at relatively high operating temperature (as much as 105°C) whereas in the case of XLPE the operating tem- 
perature cannot generally exceed 90°C. 

[0043] The mechanical properties are accompanied by excellent electrical properties, for example a dielectric loss 

(tandelta) comparable with that of XLPE and substantially better than other types of flexible PP. 

[0044] Because of their high operating temperature and low dielectric losses, the cables covered with this insulating 

layer can carry a greater power, for equal voltage, than that transportable by an XLPE covered cable. 

[0045] For the purposes of the invention the term "medium voltage" generally means a voltage of between 1 and 35 

kV, whereas "high voltage" means voltages higher than 35 kV. 

[0046] Although this description is mainly focused on the formation of cables for transporting or distributing medium 
or high voltage electricity, the polymer material of the invention can be used for covering electrical devices in general 
and in particular cables of different type, for example low voltage cables, telecommunications cables or mixed electricity/ 
telecommunications cables. 

[0047] Further characteristics will be apparent from the detailed description given hereinafter with reference to the 
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enclosed drawing, on which: 

Figure 1 is a perspective view of an electric cable, particularly suitable for medium or high voltage, according to 
the invention. 

[0048] In Figure 1 , the cable 1 comprises a conductor 2, an inner layer with semiconductive properties 3, an inter- 
mediate layer with insulating properties 4, an outer layer with semiconductive properties 5, a metal screen 6, and an 
outer sheath 7. 

[0049] The conductor 2 generally consists of metal wires, preferably of copper or aluminium, cabled together by 
conventional methods. At least one covering layer chosen from the insulating layer 4 and the semiconductive layers 
3 and 5 comprises as its polymer base material a propylene homopolymer or copolymer as heretofore defined. Around 
the outer semiconductive layer 5 there is usually positioned a screen 6, generally of electrically conducting wires or 
strips wound helically. This screen is then covered by a sheath 7 of thermoplastic material, for example uncrosslinked 
polyethylene (PE) or a propylene homopolymer or copolymer as heretofore defined. 

[0050] The cable of the invention can be constructed in accordance with known methods by depositing layers of 
thermoplastic material, for example by extrusion. Extrusion can take place in separate steps, by extruding the various 
layers separately onto the conductor. The extrusion is advantageously conducted in a single pass, for example by the 
tandem method in which individual extruders are arranged in series, or by co-extrusion with a multiple extrusion head. 
[0051] Figure 1 shows only one possible embodiment of a cable according to the invention. Suitable modifications 
known in the art can evidently be made to this embodiment, but without leaving the scope of the invention. 
[0052] The following examples illustrate the invention, but without limiting it. 

EXAMPLES 

[0053] Table 1 shows the characteristics of two materials used as examples of the invention, and two materials used 
for comparison. 

[0054] The two materials of the invention were Rexflex® WL 1 05 (propylene homopolymer) and Rexflex® WL 204 
(propylene copolymer with 3.4 wt% of ethylene), both commercial products of the Huntsman Polymer Corp. 
[0055] The two comparison materials were: 

XLPE LE4201 (Borealis): crosslinked polyethylene commonly used for the insulating layer of medium or high volt- 
age cables; 

Hifax® CA1 2A (Monteli): reactor-produced heterophase mixture consisting of an isotactic polypropylene matrix in 
which about 55 wt% of an EPR elastomeric phase (59 wt% of ethylene and 41 wt% of propylene) is dispersed. 

[0056] The melt flow index (M Fl) was measured at 230°C and 21.6 N in accordance with ASTM D1 238/L The melting 
enthalpy and the melting point were measured by Mettler DCS instrumentation (second melting value) with a scanning 
rate of 10°C/min (instrument head type DSC 30, microprocessor type PC 11, Mettler software GraphwareTA72AT.1). 
The flexural modulus was measured in accordance with ASTM D638. 



TABLE 1 



Material 


MFI 


Melting point (°C) 


Melting enthalpy (J/gr) 


Flexural modulus (MPa) 


Rexflex® WL1 05 


1.8 


158.4 


56.8 


290 


Rexflex® WL204 


1.7 


148.4 


48.4 


152 


XLPE (LE4201) 


2.0 


110.0 




250 


Hifax® CA12A 


0.9 


165.0 


35,4(*) 


350 



O relative only to the polypropylene phase 



[0057] The polymers of the invention were extracted with boiling diethyl ether and n-heptane. The soluble fractions 
and the residue after extraction with n-heptane had the characteristics shown in Table 2. 

[0058] The solvent extractions were carried out under reflux for 16 hours on 6 gram samples of material as such in 
the form of granules, using a Kumagawa extractor. That portion of the sample extracted by the solvent is the soluble 
fraction, the insoluble fraction being that remaining in the extractor. 
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TABLE 2 



10 



15 



20 



25 



30 



Fraction 


unit 


Rexflex® WL 105 


Rexflex® WL 204 


1. 


soluble in diethyl ether 


wt% 


3.0 


8.0 


1. 


melting point 


°C 


n.d. 


n.d. 


1. 


melting enthalpy 


J/g 


n.d. 


n.d. 


2. 


soluble in n-heptane 


wt% 


31.0 


48.0 


2. 


melting point 


°c 


103.6 


105.0 


2. 


melting enthalpy 


J/gr 


24.0 


21.0 


3. 


insoluble in n-heptane 


wt% 


69.0 


52.0 


3. 


melting point 


°c 


160.3 


148.4 


3. 


melting enthalpy 


J/g 


76.0 


71.8 


n.d.: not determinable 



[0059] Plates of 0.5 mm thickness were formed from the materials shown in Table 1 . The Reflex® WL1 05 and Hifax® 
C A1 2A plates were moulded at 1 95°C with 1 5 min preheating, while the Reflex® WL204 plates were moulded at 1 80°C. 
The XLPE was moulded at 130°C, crosslinked under pressure at 180°C for 30 minutes, and finally degassed in an 
oven to eliminate peroxide decomposition products. 

[0060] The plates obtained in this manner were subjected to dielectric loss measurement by measuring the tangent 
of the loss angle (tandelta) (in accordance with ASTM D150) at various temperatures and at various gradients (G). 
The measurements at G = 10 kV/mm were effected under a pressure of 25 bar of nitrogen. The results are given in 
Table 3. 

[0061] Measurements of resistance to thermopressure at 130°C were also effected (in accordance with CEI 20-11 , 
2nd method) on the materials of the invention. The results are given in Table 3 and compared with the same meas- 
urement on XLPE. The test consists of subjecting a material test piece of defined thickness to predefined pressure 
and temperature and measuring its residual thickness after one hour. The resistance to thermopressure is the residual 
thickness expressed as a percentage of the initial thickness. This test evaluates the capacity of the material to withstand 
mechanical deformation under hot conditions, in particular at the maximum allowable temperature for a cable operating 
under overload. 
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TABLE 3 





Rexflex® WL1 05 


Rexflex® WL204 


Hifax® CA12A 


XLPE (LE 4201) 


Tandelta x 10" 4 (G=1 kV/mm @ 
50Hz) 










20°C 


<1 


3 


3 


2 


60°C 


<1 


1 




<1 


90°C 


<1 


1 


21 


<1 


130°C 


2 


1 




<1 


Tandelta x 10" 4 (G=10 kV/mm @ 
50Hz) 










20°C 


1 






3 


130°C 


1 






<1 


Resistance to thermopressure (%) 


94 


92 




68 



40 



45 



50 



55 



[0062] The polymer material of the invention demonstrates dielectric losses substantially equivalent to XLPE and 
significantly better than a reactor-produced heterophase mixture, in particular within the most important temperature 
range for cable operation, ie between 20 and 90°C. 

[0063] From the measurements of resistance to thermopressure, it can be seen that although the materials of the 
invention have similar or higher flexibility than XLPE, they are characterised by lesser deformability than XLPE at high 
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temperature. 
Production of a cable 

5 [0064] A medium voltage cable prototype was constructed in which the insulating layer and semiconductive layers 
had the product Rexflex® WL204 of the invention as their base material. 

[0065] The semiconductive composition, prepared using a 1 .6 litre Banbury mixer with a volumetric filling coefficient 
of about 75%, consisted of: 



Rexflex® WL204 


100 phr 


Nero Y-200 


55" 


Irganox® PS802 


0.6° 


Irganox® 1010 


0.3" 



15 

Nero Y-200: acetylene carbon black from the firm SN2A with a specific surface of 70 rr^/g; 
Irganox® PS802: distearylthiopropionate (DSTDP) (antioxidant of Ciba-Geigy); 

Irganox® 1010: pentaerithryl-tetrakis[3-(3,5-ditertbutyl-4-hydroxyphenyl)propionate] (antioxidant of Ciba-Geigy). 

20 [0066] The cable was prepared by co-extruding the three layers through a triple head extruder onto a 1/0 AWG 
conductor consisting of a cord of aluminium wires of about 54 mm 2 cross-section. The extruder, with an inner diameter 
of 80 mm, had the following temperature profile: from 140°C to 190°C within the cylinder, 190°C on the collar, and 
1 90°C at the head. The line speed was 2 m/min. The cable obtained in this manner had an insulating layer of 4.6 mm 
thickness and an inner and outer semiconductive layer of 0.5 mm thickness.. 

25 [0067] Samples were taken with hand punches from the insulating layer and semiconductive layers to determine 
their mechanical characteristics (in accordance with CEI 20-34 section 5.1) with an Istron instrument at a draw speed 
of 50 m m/min. 

[0068] The results are given in Table 4. 



TABLE 4 





Semiconduct. layer 


Insulating layer 


Stress at break (MPa) 


13.4 


18 


Elongation at break (%) 


177.0 


750 


Modulus at 2.5% (MPa) 


5.9 




Modulus at 10% (MPa) 


11.5 





[0069] In the cable produced in this manner, excellent adhesion was observed between the semiconductive layers 
40 and the insulating layer, both at ambient temperature and at 90°C. 



Claims 

45 1 . A cable (1 ) comprising at least one conductor (2) and at least one covering layer (3, 4, 5, 7) based on a thermoplastic 
polymer material, wherein said material comprises a propylene homopolymer or a copolymer of propylene with an 
olefin comonomer chosen from ethylene and a-olefins other than propylene, said homopolymer or copolymer 
having: 

so a melting point between 140 and 165°C; 

a melting enthalpy between 30 and 80 J/g; 

a boiling diethyl ether soluble fraction of less than or equal to 12 wt%, having a melting enthalpy of less than 
or equal to 4 J/g; 

a boiling n-heptane soluble fraction of between 15 and 60 wt%, having a melting enthalpy of between 10 and 
55 40 J/g; and 

a boiling n-heptane insoluble fraction of between 40 and 85 wt%, having a melting enthalpy greater than or 
equal to 45 J/g. 
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2. A cable as claimed in claim 1 , wherein the diethyl ether soluble fraction is between 1 and 1 0 wt% and has a melting 
enthalpy of less than or equal to 2 J/g. 

3. A cable as claimed in claim 1 or 2, wherein the n-heptane soluble fraction is between 20 and 50 wt% and has a 
melting enthalpy of between 15 and 30 J/g. 

4. A cable as claimed in any one of the preceding claims, wherein the n-heptane insoluble fraction Is between 50 
and 80 wt% and has a melting enthalpy of between 50 and 95 J/g. 

5. A cable as claimed in any one of the preceding claims, wherein the homopolymer or copolymer has a meit flow 
index (MFI) of between 0.01 and 50 dg/min. 

6. A cable as claimed in claim 5, wherein the MFI is between 0.5 and 1 0 dg/min. 

7. A cable as claimed in any one of the preceding claims, wherein the polymer base material has a flexural modulus 
of between 15 and 900 MPa. 

8. A cable as claimed in any one of the preceding claims, wherein the olefin comonomer is present in a quantity of 
less than or equal to 15 mol%. 

9. A cable as claimed in any one of the preceding claims, wherein the olefin comonomer is present in a quantity of 
less than or equal to 1 0 mol%. 

10. A cable as claimed in any one of claims from 1 to 8, wherein the olefin comonomer is ethylene or an oc-olefin of 
formula CH^CH-R, where R is a linear or branched C 2 -C 10 alkyl. 

11. A cable as claimed in claim 10, wherein the cc-olefin is chosen from the group consisting of 1-butene, 1-pentene, 
4-methyM-pentene, 1-hexene, 1-octene, 1-decene, 1 -dodecene and the like, or their combinations. 

12. A cable as claimed in any one of the preceding claims, comprising at least one layer (4) with insulating properties 
which includes the cable polymer base material of any one of the preceding claims. 

13. A cable as claimed in any one of the preceding claims, comprising at least one layer (3, 5) with semiconductive 
properties which includes the cable polymer base material of any one of claims from 1 to 11, in which a conductive 
filler is dispersed. 

1 4. A cable as claimed in any one of the preceding claims, comprising at least one layer (7) acting as an outer protective 
sheath which includes the cable polymer base material of any one of claims from 1 to 11 . 

15. The use of a thermoplastic polymer material as claimed in any one of claims from 1 to 11 as a base material for 
preparing a covering layer (4) with electrical insulation properties. 

16. The use of a thermoplastic polymer material as claimed in any one of claims from 1 to 11 as a base material for 
preparing a covering layer (3, 5) with semiconductive properties. 

17. The use of a thermoplastic polymer material as claimed in any one of claims from 1 to 11 as a base material for 
preparing a covering layer (7) acting as an outer protective sheath. 



Patentansprtiche 

1 . Kabel (1 ), umfassend mindestens einen Draht (2) und mindestens eine Uberzugsschicht (3, 4, 5, 7), die auf einem 
thermoplastischen Polymermaterial basiert, wobei das Material ein Propylenhomopolymer oder ein Propylencop- 
olymer mit einem Olefincomonomer umfaBt, das ausgewahlt ist aus Ethylen und a-Olefinen, die nicht Propylen 
sind, wobei das Homopolymer oder Copolymer aufweist: 

einen Schmelzpunkt zwischen 140 und 165°C; 
eine Schmelzenthalpie zwischen 30 und 80 J/g; 
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eine in siedendem Diethylether losliche Fraktion von weniger als Oder gleich 1 2 Gew.% mit einer Schmelzent- 
halpie von weniger als Oder gleich 4 J/g; 

eine in siedendem n-Heptan losliche Fraktion zwischen 15 und 60 Gew.% mit einer Schmelzenthalpie zwi- 
schen 10 und 40 J/g; und 

5 eine in siedendem n-Heptan unlosliche Fraktion zwischen 40 und 85 Gew.% mit einer Schmelzenthalpie, die 

groBer oder gleich 45 J/g ist. 

2. Kabel wie in Anspruch 1 beansprucht, wobei die in Diethylether losliche Fraktion zwischen 1 und 10 Gew.% aus- 
macht und eine Schmelzenthalpie von weniger als oder gleich 2 J/g hat. 

w 

3. Kabel wie in Anspruch 1 oder 2 beansprucht, wobei die in n-Heptan losliche Fraktion zwischen 20 und 50 Gew.% 
ausmacht und eine Schmelzenthalpie zwischen 15 und 30 J/g hat. 

4. Kabel wie in einem der vorhergehenden Anspruche beansprucht, wobei die in n-Heptan unlosliche Fraktion zwi- 
15 schen 50 und 80 Gew.% ausmacht und eine Schmelzenthalpie zwischen 50 und 95 J/g hat. 

5. Kabel wie in einem der vorhergehenden Anspruche beansprucht, wobei das Homopolymer oder Copolymer einen 
Schmelzindex (MFI) zwischen 0,01 und 50 dg/min ausmacht. 



20 6. Kabel wie in Anspruch 5 beansprucht, wobei der MFI zwischen 0,5 und 1 0 dg/min llegt. 

7. Kabel wie in einem der vorhergehenden Anspruche beansprucht, wobei das Polymergrundmaterial einen Biege- 
widerstand zwischen 15 und 900 MPa hat. 

25 8. Kabel wie in einem der vorhergehenden Anspruche beansprucht, wobei das Olefincomonomer in einer Menge 
von weniger als Oder gleich 15 mol% vomanden ist. 

9. Kabel wie in einem der vorhergehenden Anspruche beansprucht, wobei das Olefincomonomer in einer Menge 
von weniger als oder gleich 1 0 mol% vomanden ist. 

30 

10. Kabel wie in einem der Anspruche 1 bis 8 beansprucht, wobei das Olefincomonomer Ethylen oder ein a-Olefin 
der Formel CH^CH-R ist, wobei R ein gerades oder verzwelgtes C2-C 10 -Alkyl ist. 

11. Kabel wie in Anspruch 10 beansprucht, wobei das o-Olefin aus der Gruppe bestehend aus 1-Buten, 1-Penten, 
35 4-MethyM -penten, 1-Hexen, 1-Octen, 1-decen, 1-Dodecen und ahnlichen oder ihren Kombinationen ausgewahlt 

ist. 



12. Kabel wie in einem der vorhergehenden Anspruche beansprucht, umfassend mindestens eine Schicht (4) mit 
Isoliereigenschaften, die das Kabelpofymergrundmaterial eines der vorhergehenden Anspruche einschlieBt. 

40 

13. Kabel wie in einem der vorhergehenden Anspruche beansprucht, umfassend mindestens eine Schicht (3, 5) mit 
Halbleitereigenschaften, welche das Kabelpolymergrundmaterial jedes der Anspruche 1 bis 11 einschlieBt, in dem 
ein leitfahiger Fullstoff dispergiert ist. 

45 14. Kabel wie in einem der vorhergehenden Anspruche beansprucht, umfassend mindestens eine Schicht (7), die ais 
auBere Uberzugsschicht wirkt, welche das Kabelpolymergrundmaterial jedes der Anspruche 1 bis 11 einschlieBt. 

15. Verwendung eines thermoplastischen Polymermaterials wie in einem der Anspruche 1 bis 11 als Grundmaterial 
beansprucht, zum Herstellen einer Uberzugsschicht (4) mit elektrischen Isolierungseigenschaften. 

so 

16. Verwendung eines thermoplastischen Polymermaterials wie in einem der Anspruche 1 bis 11 als Grundmaterial 
beansprucht, zum Herstellen einer Uberzugsschicht (3, 5) mit halbleitenden Eigenschaften. 

17. Verwendung eines thermoplastischen Polymermaterials wie in einem der Anspruche 1 bis 11 als Grundmaterial 
55 beansprucht, zum Herstellen einer Uberzugsschicht (7), die als auBere Uberzugsschicht dient. 
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Revendications 

1. C§ble (1) comprenant au moins un conducteur (2) et au moins une couche d'enrobage (3, 4, 5, 7) a base d'un 
materfau polymere thermoplastique, lequel materiau comprend un homopolymere de propylene ou un copolymere 
de propylene et d'un comonomere oiefinique choisi parmi l'6thylene et les alphaolefines autres que le propylene, 
ledit homopolymere ou copolymere presentant : 

un point de fusion situe entre 1 40 et 1 65 °C ; 
une enthalpie de fusion de 30 a 80 J/g ; 

une fraction soluble dans de I'ether diethylique bouillant qui est inferieure ou egale a 12 % en poids et qui 
presente une enthalpie de fusion inferieure ou egale a 4 J/g ; 

une fraction soluble dans du n-heptane bouillant qui vaut de 1 5 a 60 % en poids et qui presente une enthalpie 
de fusion de 1 0 a 40 J/g ; 

et une fraction insoluble dans du n-heptane bouillant qui vaut de 40 a 85 % en poids et qui presente une 
enthalpie de fusion sup6rieure ou egale a 45 J/g. 

2. Cable conforme a la revendication 1 , dans lequel la fraction soluble dans de I'ether diethylique vaut de 1 a 1 0 % 
en poids et presente une enthalpie de fusion inferieure ou 6gale a 2 J/g. 

3. Cable conforme a la revendication 1 ou 2, dans lequel la fraction soluble dans du n-heptane vaut de 20 a 50 % 
en poids et presente une enthalpie de fusion de 15 a 30 J/g. 

4. Cable conforme a Tune des revendications precedentes, dans lequel la fraction insoluble dans du n-heptane vaut 
de 50 a 80 % en poids et presente une enthalpie de fusion de 50 a 95 J/g. 

5. Cable conforme a Tune des revendications precedentes, dans lequel I'indice defluidite a chaud (MR) de I'homo- 
polymere ou du copolymere vaut de 0,01 a 50 dg/min. 

6. Cable conforme a ia revendication 5, dans lequel le MFI vaut de 0,5 a 1 0 dg/min. 

7. Cable conforme a Tune des revendications precedentes, dans lequel le materiau a base de polymere presente un 
module de flexion de 15 a 900 MPa. 

8. Cable conforme a Tune des revendications precedentes, dans iequel le comonomere oiefinique se trouve en une 
proportion inferieure ou 6gale a 15 % en moles. 

9. Cable conforme a Tune des revendications precedentes, dans lequel le comonomere oiefinique se trouve en une 
proportion inferieure ou egale a 10 % en moles. 

10. Cable conforme a Tune des revendications 1 a 8, dans lequel le comonomere oiefinique est de I'ethylene ou une 
alpha-olefine de formule CH 2 =CH-R ou R represente un groupe alkyle en C 2 -C 10 , lineaire ou ramifie. 

11. Cable conforme a la revendication 10, dans lequel I'alpha-olefine est choisie dans I'ensemble constitue par les 
1-butene, 1-pentene, 4-methyl-1 -pentene, 1-hexene, 1-octene, 1-decene, 1-dod6cene, et autres similaires, ainsi 
que leurs combinaisons. 

12. Cable conforme a Tune des revendications precedentes, qui comprend au moins une couche (4) dotee de carac- 
teristiques isolantes et renfermant un materiau polymere pour cable, deTini dans Tune des revendications prece- 
dentes. 

13. Cable conforme a Tune des revendications precedentes, qui comprend au moins une couche (3, 5) dot6e de 
caracteristiques semiconductrices et renfermant un materiau polymere pour cable, d6fini dans Tune des revendi- 
cations 1 a 11 , dans lequel est dispersed une charge conductrice. 

14. Cable conforme a Tune des revendications precedentes, qui comprend au moins une couche (7) jouant le role de 
gaine exterieure protectrice et renfermant un materiau polymere pour cable, defini dans I'une des revendications 
1a 11. 
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15. Emploi d'un material! polymere thermoplastique defini dans Tune des revendications 1 a 11 en tant que materiau 
de base pour la fabrication o°une couche d'enrobage (4) dotee de caract6ristiques d'isolant 6!ectrique. 

16. Emploi d'un materiau polymere thermoplastique dSfini dans rune des revendications 1 a 11 en tant que materiau 
de base pour la fabrication cTune couche d'enrobage (3, 5) dotee de caracteristiques semiconductrices. 

17. Emploi d'un materiau polymere thermoplastique dtfini dans Tune des revendications 1 a 11 en tant que materiau 
de base pour fa fabrication cTune couche d'enrobage (7) jouant le r6le de gaine exterieure protectrice. 
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FIG. 1 
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